Multiple myeloma (MM) is a heterogeneous disease with certain genetic features [eg, t(4;14), del17p] associated with worse outcome. The introduction of thalidomide, lenalidomide, and bortezomib has dramatically improved the outlook for patients with MM, but their relative benefit (or harm) for different genetic patient subgroups remains unclear. Unfortunately, the small number of patients in each subgroup frequently limits the analysis of high-risk patients enrolled in clinical trials. Strategies that result in survival of high-risk genetic subgroups approximating that of patients lacking high-risk features are said to overcome the poor prognostic impact of these high-risk features. This outcome has been difficult to achieve, and studies in this regard have so far been limited by inadequate sample size. In contrast, strategies that compare the survival of high-risk genetic subgroups randomized to different treatment arms can identify approaches that improve survival. This type of analysis is clinically useful, even if the absolute gains do not improve outcomes to levels seen in patients without high-risk cytogenetics. Reviewing available data in high-risk MM from this perspective, it appears that bortezomib has frequently been associated with improved survival, whereas thalidomide maintenance has sometimes been associated with a shorter survival. (Blood. 2013;121(6):884-892)
Introduction
In the last 10 years, the overall survival (OS) of multiple myeloma (MM) has improved considerably. 1 Best estimates indicate that patients who are transplant eligible have a 5-year survival rate of Ͼ 70% with modern therapy. 2, 3 The 5-year survival rate of elderly transplant-ineligible patients is ϳ 50%. 4 These are impressive gains, but the improvements have not been uniform, and prognosis continues to vary considerably based on a variety of prognostic factors (Table 1) . 5 Importantly, the survival of a subgroup of patients with certain cytogenetic abnormalities (collectively referred to as high-risk MM) has remained poor (median survival of 2-3 years) despite aggressive therapy incorporating almost every available drug and treatment modality. 2, [6] [7] [8] [9] We need to identify strategies to overcome high-risk prognostic factors and improve survival in this patient population. As shown in Table 1 , the therapeutic strategy needed to overcome high-risk prognostic factors and improve survival will necessarily be different based on the mechanism by which a given prognostic characteristic produces its adverse impact.
Genetic markers with prognostic significance
As in other hematologic malignancies, cytogenetics is one of the most important prognostic factors for MM ( Figure 1 ). The advent of high-throughput methodologies for genomic analysis has greatly increased the sensitivity of available technologies for investigating genetic abnormalities. Whole-genome techniques, such as comparative genomic hybridization, mapping arrays based on single nucleotide polymorphisms, and gene expression profiling (GEP), have been added to traditional classic karyotyping and molecular cytogenetics based on fluorescence approaches for patient tumor cell characterization. Nevertheless, many of these approaches require sophisticated equipment and complex bioinformatic analyses, which has hindered their implementation in routine clinical practice. Although promising, most studies incorporating these approaches are small, and new molecular markers still need broader validation.
Chromosomal abnormalities
Nowadays, cytogenetic evaluation is mandatory in all patients with newly diagnosed MM and should always include interphase FISH in purified plasma cells or in combination with immunofluorescent detection of light-chain-restricted plasma cells (cIg-FISH). 10, 11 Cytogenetic abnormalities in MM can be classified into 2 main groups: translocations involving the IGH locus and genomic imbalances. Patients can have one or more of these abnormalities, and in general, over time, there is accumulation of new cytogenetic abnormalities. Some cytogenetic abnormalities have no adverse prognostic impact (eg, trisomies of odd numbered chromosomes), whereas others are unequivocally associated with poor outcomes (17p deletion).
IGH translocations. IGH translocations are detectable in ϳ 40% of patients. There is a notable diversity of chromosomal partners involved in IGH translocations. The most frequently involved loci are 11q13 (CCND1) in 15%, 4p16 (FGFR3/MMSET) in 15% and 16q23 (MAF) in 5% of cases. Other recurrent loci, including 6p21 (CCND3) and 20q11 (MAFB), occur less frequently. 12 Several groups have demonstrated that t(4;14)(p16;q32) is associated with poor survival. 6, [13] [14] [15] Patients with t(4;14) treated with both conventional or intensive chemotherapy display shorter event-free survival and OS. 13, 14, 16, 17 However, recent analysis support the impression that patients with t(4;14) make up a heterogeneous group. Thus, the French group has detected a subgroup of these patients (ϳ 45%) with both low ␤ 2 -microglobulin and high hemoglobin levels at diagnosis who experience prolonged survival after tandem transplant, and benefits from high-dose therapy. 18 This heterogeneity has been also reported by the Arkansas group using their 70 gene-expression model that enables a clear separation of 2 groups of t(4;14) patients with significantly different OS. 19 The association of t(14;16)(q32;q23) with prognosis is not definitive because it has a low frequency. According to Mayo Clinic data, t(14;16) was linked to poor outcome in the context of conventional chemotherapy. 13 These results were confirmed by the association of MAF up-regulation with impaired prognosis by the UAMS group. 2 However, the IFM group did not confirm the poor prognostic value of t(14;16) in patients receiving a tandemautologous transplantation approach, whereas a recent study from the MRC showed a significantly shorter survival among patients with t(14;16) treated with autologous transplant. 20, 21 In contrast to t(4;14) and t(14;16), the presence of t(11;14)(q13; q32) has been shown to have either a favorable or no significant impact on prognosis. 6, 14, 15, 22 Using a risk model based on gene expression profiling, patients with t(11;14) can be further categorized into 2 subsets. The first, associated with CD20 expression, is characterized by slow onset of complete remission, but a significantly longer duration of complete remission. In contrast, the second subset of t(11;14) lacks CD20 expression and is associated with a more rapid onset and higher rate of complete remission, but a short duration. 2 
Genomic imbalances
MM is characterized by the frequent occurrence of chromosomal imbalances, including gains and losses that lead to the classification into hyperdiploid (characterized by trisomies) and nonhyperdiploid subgroups. The most common gains are those of 1q and of chromosomes 3, 5, 7, 9, 11, 15, 19 , and 21, whereas the most common monosomy is of chromosome 13. Trisomies are typically associated with a better prognosis. 23 Trisomies can be further stratified, using array comparative genomic hybridization, into 2 subclasses, with a survival disadvantage among patients with 1q gain and chromosome 13 loss, compared with chromosome 11 gain and absence of 1q gain or chromosome 13 loss. However, these observations need confirmation as the sample size was small and follow-up relatively short. 24 A recent study showed that the presence of trisomies in patients with high-risk cytogenetic abnormalities can almost fully abrogate the adverse prognostic impact of the additional abnormalities on MM survival. 25 Several studies have shown that 1q gain is a significant and independent poor prognostic factor, although there are also series that have failed to confirm that. [26] [27] [28] [29] Monosomy 13/13q deletions (present in ϳ 50% of cases) have been associated with short survival in almost all large series of patients treated with both conventional and high-dose therapy. 24, 30, 31 However, this adverse prognostic implication seems to stem primarily from its close association with other high-risk genetic features, such as t (4;14) , which harbor monosomy 13 in 80% of cases. Therefore, deletion of RB1 on 13q on its own is not a negative prognostic factor. 6, 15 For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From factor in several different treatment contexts. 6, 13, 14, 32, 33 Extramedullary disease, which is commonly related to more aggressive disease, has a higher frequency of 17p deletion. 34, 35 Cytogenetic risk-stratification
One of the aims of cytogenetic risk-stratification is to define a high-risk group that should be managed differently from standardrisk patients. Multiple classification systems have been proposed, and these continue to evolve. According to the International Myeloma Working Group, the term "high-risk MM" should include those patients with at least one of the following features: deletion of 17p, t(4;14) or t(14;16), detected by FISH analysis. 11 Hypodiploidy defined by karyotyping and t (14;20) are also considered by the Mayo Clinic as high-risk factors. 36 Recently, a prognostic model in MM based on the most frequently detected genetic lesions has been proposed. Accordingly, 3 genetic risk groups were defined: a favorable risk group with no adverse FISH lesions; an intermediate group with one adverse genetic lesion -t(4;14), t(14;16), t(14;20), 17p deletion, or 1q gain; and a high-risk group with more than one adverse genetic lesions. 21 An updated risk-stratification model that takes into account the recent data suggesting that patients with t(4;14) have improved outcome in certain situations is shown in Table 2 . Risk scores based on gene expression profiling have been recently reported as powerful prognostic predictors. 19, 37 They synthesize the biologic impact of multiple abnormalities, including chromosomal aberrations and point mutations or other changes on multiple important cellular pathways impacting on proliferation, differentiation, apoptosis, and other less-defined features in a single signature of myeloma cell characteristics. 38 The validation of these signatures in different series and therapeutic contexts may one day yield a more refined and reproducible risk stratification. 37 
Outcome of high-risk cytogenetics
On analyzing the role of novel drugs in patients with high-risk cytogenetic characteristics, it is important to differentiate 2 concepts: "to overcome adverse prognosis" and "to improve outcome." The first implies that with the use of specific treatments, the survival of high-risk patients becomes similar to standard risk patients. To improve outcome, on the other hand, means that a particular new treatment strategy is able to improve the outcome in these patients compared with standard treatments in the same high-risk patient subgroup. The former has the advantage that it can be evaluated in single arm studies, and the larger size of the standard-risk group can help the analysis to achieve statistical significance. Unfortunately, the failure to show a difference between the high-risk and standard-risk groups may simply be the result of small sample sizes and short follow-up. Furthermore, when faced with a patient with a given adverse prognostic feature, this analysis is not particularly helpful. The physician cannot choose which adverse prognostic features a patient has, but can choose which treatment to give the patient. It is far more important to the physician designing a treatment plan for an individual high-risk patient to know how the patient is likely to fare with different treatments than how the patient would fare with a different set of prognostic factors. This information can be obtained from randomized controlled clinical trials, specifically looking at outcomes for patients with high-risk genetic features. A limitation of this analysis is that high-risk groups tend to be small in both arms of most randomized trials, reducing the power of the analysis. It is important to note in these 2 types of analysis that in the former (overcoming), a lack of statistical power favors the novel therapy, whereas in the latter (improving) it favors the standard therapy. We will review both types of analyses in MM patients with high-risk genetics, placing the greatest emphasis on analyses that report therapies that improve outcome.
One problem that is difficult to solve is that the definition of "high risk" varies considerably across studies, and details on individual cytogenetic factors are often not available. Nevertheless, we find that the t(4;14) subset of MM is sufficiently unique, and dramatic improvements in outcome have been seen in this particular subset of patients with certain therapeutic strategies. In some models, t(4;14) is now no longer considered "high-risk" as a result of these new data (Table 2 ). Thus, we will consider this cytogenetic entity separately from other high-risk cytogenetic factors.
t(4;14) MM
The IFM group retrospectively analyzed the prognostic value of cytogenetic abnormalities in a large series of newly diagnosed MM patients treated with VAD (vincristine, adriamycin and dexamethasone) plus tandem autologous stem cell transplantation (ASCT) according to IFM99 protocols 6 and found a significantly shorter median OS (41 vs 65 months) for patients with t(4;14) compared those without. They confirmed these findings in the IFM 2005 trial, comparing bortezomib plus dexamethasone to VAD as induction therapy, followed by ASCT. 39 This study also showed that a short course of bortezomib-based induction and one/2 ASCT improved survival for t(4;14) compared with VAD followed by ASCT but was insufficient to overcome the poor prognostic impact of t(4;14). 39 Thus the 4-year OS of patients with t(4;14) treated with bortezomib was shorter (63%) compared with patients without t(4;14) (79%), but longer than for t(4;14) patients treated with VAD (32%).
Three recent studies show that it may be possible to almost completely overcome the poor prognostic impact of t(4;14) using an approach that combines bortezomib-based therapy for 2-3 years in conjunction with tandem ASCT (Tables 3 and 4) . A large randomized trial conducted by the HOVON and German MM study groups compared the efficacy of PAD (bortezomib, adriamycin and dexamethasone) versus VAD, both followed by ASCT and maintenance therapy. 7, 8 After induction, patients received either single (HOVON) or double (German) ASCT based on the study group. After ASCT, patients on the PAD arm received bortezomib maintenance, whereas in the VAD arm, they received thalidomide maintenance. The 3-year survival rate in 24 patients with t(4;14) treated with PAD was 66% compared with 82% for patients without t(4;14) (P ϭ .2), whereas in 21 patients with t(4;14) treated with VAD, the survival rate was only 44% (P ϭ .37). These data, although not reaching statistical significance, give some support to the concept that PAD with bortezomib maintenance does not completely overcome the adverse prognosis of t(4;14). 7 Nevertheless, in the German subgroup (which included tandem ASCT), the For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From 3-year OS for patients with and without t(4;14) was very similar in the PAD treatment arm (78% vs 87%), suggesting that a strategy of bortezomib-based induction, tandem ASCT, and bortezomib maintenance may overcome the adverse prognostic effect of t(4;14). 7 Additional data supporting this treatment strategy come from analysis of the results of the Total Therapy 2 and Total Therapy 3 trials done at Arkansas. Prognosis of t(4;14) was inferior to standard-risk MM in Total Therapy 2, which had tandem ASCT and a randomization to thalidomide but lacked upfront bortezomib. 40, 41 The 2-year OS for the t(4;14) randomized to thalidomide was 67%, compared with 87% in those randomized to placebo (P ϭ .80), and 97% in those treated in Total Therapy 3 (P ϭ .01), in which patients received bortezomib-based induction, tandem ASCT, and bortezomib based maintenance therapy; however, these comparisons are difficult For personal use only. on April 13, 2017. by guest www.bloodjournal.org From based on the nonconcurrent and nonrandomized nature of these sequential studies. 2, 42 The final piece of data comes from a randomized study by Cavo et al in which the poor prognosis associated with t(4;14) was overcome in the treatment arm that used bortezomib-based induction (VTD), tandem ASCT, and bortezomib based consolidation [3-year progression-free survival (PFS) 65% vs 61% for patients with and without t (4;14) , respectively]. 43 In contrast to these positive results in tandem SCT studies, in the Spanish study (GEM05), which used VTD as induction but only one ASCT and no consolidation therapy, patients with t(4;14) showed significantly inferior survival compared with those without this abnormality.
There are limited data concerning the ability of other strategies to overcome the poor prognostic impact of t(4;14). There are no data that thalidomide can overcome the poor prognostic effect of t(4;14) on OS. The Australasian MM6 trial compared posttransplantation consolidation with thalidomide and prednisone versus prednisone alone in 243 patients. They found the addition of thalidomide significantly increased PFS (29 vs 17 months) in patients with t(4;14) detected by RT-PCR, but interestingly not in patients with elevated expression of FGFR3 (31 vs 29 months, P ϭ .76), suggesting that additional information may be gained by studying FGFR3 expression. 44 Similarly, there are limited data on lenalidomide and t(4;14). In a series of 130 relapsed/refractory patients treated with lenalidomide plus dexamethasone (MM016 trial), those with deletion (13q) or t(4;14) had a similar time to progression and OS as patients without these abnormalities. 45 But this was a retrospective analysis of a group of patients with relapsed refractory MM, not newly diagnosed disease, and there was lumping of cytogenetic categories. Further, in contrast to these findings, Avet-Loiseau et al found that deletion (13q) and t(4;14) both had a significantly adverse effect in 207 relapse/refractory patients treated with the same scheme (lenalidomide ϩ dexamethasone). 46 Thus, in these patients, the OS was 9.4 months compared with 15.4 months (P Ͻ .005) for patients with and without these genetic changes, respectively. In the IFM study of maintenance lenalidomide versus no maintenance, a robust increase in PFS was observed with lenalidomide maintenance in the overall study population (median 42 vs 24 months, P Ͻ .0001) and in patients with del17p (median 29 vs 14 months, P Ͻ .02) but not in patients with t(4;14) (median 28 vs 24 months, P Ͻ .04; based on analysis presented at the annual meeting of the American Society of Hematology in 2010). 47, 48 In this setting, the prolongation of PFS with lenalidomide maintenance appears less than the benefit that can be obtained by treating at the time of relapse with lenalidomide plus dexamethasone rescue therapy. Therefore, in patients with t(4;14), lenalidomide maintenance should be used primarily in the context of clinical trials.
High-risk MM
In this section, we review all papers in which the information either does not separate between t(4;14) and del17p (grouping all together as high risk) or the information available is specifically focused on del17p.
Conventional therapy. Several trials have shown that, in the transplantation setting, the use of conventional chemotherapy approaches, such as VAD followed by ASCT, is associated with poor outcome in high-risk patients (Table 3) . 6, 8, 9, 13 Thalidomide. Current data indicate that thalidomide does not overcome the adverse prognosis of high-risk cytogenetics. Moreover, in some settings (maintenance therapy), patients with highrisk MM may actually do worse with thalidomide therapy than without. The pivotal initial study conducted by the Arkansas group in relapsed and/or refractory patients showed that patients with deletion 13q, detected by conventional cytogenetics, had short survival. 49 The Spanish group (GEM 2005 Ͻ 65 years), using TD as induction before ASCT 50 and the MRC IX Myeloma trial for patients receiving CTD or CTDa induction, 9,51 both found significantly shorter OS for patients with compared with those without high-risk FISH (Table 3) .
The use of thalidomide as maintenance does not seem to be of value in high-risk patients. Thus, the IFM group reported that, although thalidomide maintenance was of benefit for the overall population, patients with 13q deletion had short survival. 52 The Austrian group evaluated the role of Thal-interferon versus interferon in elderly patients after induction with Thal-Dex or MP. Patients randomized to Thal-interferon with or without high-risk FISH had a median OS of 39 vs 72 months, respectively (P ϭ .082). 53 In the combined Hovon and German group study comparing the efficacy of PAD versus VAD, patients carrying del (17p) treated with VAD induction and thalidomide maintenance had 3-year OS of 19%. 7, 8 The MRC Myeloma IX trials found more resistant relapses after thalidomide maintenance, particularly in patients with del(17p) 26 and the 3-year OS was considerably worse for patients with unfavorable FISH randomized to thalidomide as opposed to placebo maintenance (45% vs 69% P Ͻ .009). 54 Remarkably, 44% of patients in this study had unfavorable FISH, defined as gain 1q, del1p32, del17p, t(4;14), t(14;16), and t(14;20), identifying a very large group of patients apparently harmed by thalidomide maintenance. Finally, the Arkansas group showed that, in the Total Therapy II program, which includes thalidomide throughout all treatment phases, the outcome of patients with high-risk GEP is significantly worse than that of standard risk patients (5-year OS 56% vs 72%). 41 Regarding elderly patients, the efficacy of MPT or thalidomidedexamethasone in high-risk patients has not been reported. The only available information corresponds to the CTDa combination, which does not overcome the effect of high risk CA (3-year OS 34% for high risk vs 58% for standard risk), nor is it significantly better than MP in high-risk CA (3-year OS 26%; Gareth Morgan, Institute for Cancer Research, written personal communication, September 6, 2011). 9 Lenalidomide. The efficacy of lenalidomide in high-risk patients has mainly been explored in the relapsed setting. Thus, Reece et al, studying a series of 130 relapsed/refractory patients treated with lenalidomide plus dexamethasone (MM016 trial), reported that the presence of deletion (17p13) was associated with very short time to progression (2.2 months) and OS (4.7 months). 45 Kapoor et al evaluated outcomes after initial therapy with lenalidomide/dexamethasone in 100 newly diagnosed patients 55 and found the time to progression was significantly shorter in the high-risk subgroup (18.5 vs 36.5 months). In the context of the phase 3 clinical trial E4A03 (lenalidomide plus either low or high doses of dexamethasone), in 21 of 126 patients classified as high-risk by FISH, the 2-year OS was 76% vs 91% (P ϭ .004). 56 As mentioned in relationship to t(4;14) MM above, Avet-Loiseau et al have investigated the role of lenalidomide maintenance in newly diagnosed patients with high-risk cytogenetics. 47 The PFS of patients with del 17p (29 months) was significantly shorter compared with the PFS of the overall series of patients (42 months) maintained with lenalidomide. This indicates that lenalidomide maintenance does not overcome the adverse prognosis of del17p. However, it significantly improved the PFS compared with no maintenance (14 months). A recent update of this data reported that 52 patients with either t(4;14) or del17p were randomized to lenalidomide in this trial, whereas 29 were randomized to placebo. Although data were not split between patients with t(4;14) and del17p, a hazard ratio for progression or death of 0.58 in favor of lenalidomide maintenance (P ϭ .39) was noted. 48 Bortezomib. In the IFM-2005-01 trial, bortezomib-based induction plus ASCT was unable to rescue patients with del(17p); the 4-year OS was 50% vs 79% in patients with and without del (17p), respectively. The Spanish Myeloma group has also tested the efficacy of VTD followed by single ASCT in the randomized GEM 2005 trial. The 3-year OS of patients with t(4;14), t(14;16) or deletion of 17p was significantly shorter to that of standard-risk patients 60% vs 88% (P ϭ .01). 50 As previously mentioned, the Hovon group has explored the efficacy of PAD versus VAD before single 8 or double 7 ASCT in patients with del17p. 7 In this cohort, a major benefit for the bortezomib-based scheme was observed compared with VAD with thalidomide maintenance: 3-year OS 69% vs 17%. However, bortezomib does not completely overcome the adverse prognosis of del17p because in patients not having this abnormality the 3-years OS rate was higher (85%).
The Total Therapy 3 program conducted by the Arkansas group in which bortezomib is incorporated during induction, consolidation, and maintenance demonstrated a major advantage over TT2 in low-risk MM and in patients with t(4;14), but only a minor improvement was achieved in high-risk patients defined by GEP, or in high-risk patients with t(14;16) or t (14;20) . 2, [40] [41] [42] The survival of patients with a high-risk gene expression profile was significantly shorter than that of standard-risk patients (2-year OS of 56% vs 88%,). 2 A similar picture was observed with the TT4 program that includes VRD as consolidation: the 2-year OS was 51% vs 85% for patients classified as high versus standard risk according to GEP-70. 2 In newly diagnosed elderly patients, the use of bortezomib plus melphalan and prednisone (VMP) in the VISTA trial appeared to overcome the adverse prognosis of high-risk cytogenetics, because comparison of high-and standard-risk cases had a similar 3-year OS (56% vs 71%). 57 Nevertheless, it should be noted that the number of patients analyzed was relatively small, and results included patients with t(4;14) who are known to benefit from bortezomib. A subsequent study by the Spanish Myeloma group (GEM/Pethema) did not demonstrate such an effect. In this study, also in newly diagnosed elderly patients, 2 induction regimens, VMP and VTP (bortezomib, melphalan or thalidomide, prednisone), were followed by maintenance with bortezomib-thalidomide or bortezomib-prednisone, respectively. Among 92 nonhyperdiploid patients (which are enriched for patients with high-risk genetics), the 3-year OS was 72% vs 52% (P ϭ .1) for the patients randomized to the melphalan versus the thalidomide arm. In 44 patients with compared with 188 without high-risk FISH, the median OS was 38 months versus not reached (P ϭ .001). 58 The Italian group also investigated the outcome of high-risk patients in the context of a protocol comparing VMP versus VMP plus thalidomide (VMPT). 59 In this study, high-risk patients had a similar PFS to that of standard-risk patients with VMP (P ϭ .83) as well as VMPT (P ϭ .43), but further follow up and effects on OS need to be clarified.
Conclusion
In conclusion, we have highlighted several important concepts in this paper. First, we show that adverse prognosis probably occurs via a number of different mechanisms (Table 1; Figure 1 ) and that strategies to overcome the poor prognostic impact of a given factor must critically examine the mechanism by which each variable exerts its poor prognostic effect. Second, we discuss the importance of cytogenetic markers that result in poor prognosis by virtue of being associated with aggressive disease biology, and For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From highlight risk stratification models that can evolve over time as new data emerge. Third, we make a distinction between strategies that overcome the poor prognostic effects of high-risk biomarkers (overcome adverse prognosis) and strategies that result in improved outcome for high-risk patients, even if the overall result is still suboptimal compared with standard risk patients (improve outcome). The type of data, evidence, and trial designs for these 2 approaches are different. The difference between these 2 types of analyses is graphically demonstrated in Figures 2 and 3 , respectively; and although the impression from examining Figure 2 is that this analysis (overcoming high risk) does not provide a clear picture of the role of different drugs in the treatment of high-risk MM, a much clearer picture arises from the analysis depicted in Figure 3 (improving high risk). The rational conclusion from this analysis is that bortezomib is indicated in the treatment of high-risk MM, whereas thalidomide used as maintenance therapy has been associated with inferior outcome in these patients. Further studies on the optimal use of lenalidomide in high-risk MM are needed.
We can only speculate as to the mechanism underlying these important clinical observations. The action of bortezomib is probably multifactorial, including targeting proliferation, ER stress, the unfolded protein response, and activating mutations of the NF-B pathway. 60, 61 Targeting some or all of these may play an important role in the ability of bortezomib to abrogate the early mortality seen in high-risk MM. Furthermore, given that high-risk MM has recently been associated with increased genomic instability and clonal heterogeneity, 62 it is probable that the deeper and faster responses seen with the addition of bortezomib may be particularly important. In contrast, the use of chronic, suboptimal doses of thalidomide as maintenance in such patients may more quickly lead to the selection of resistant clones, compared with thalidomide use at full doses in the relapsed setting.
To make progress in the future, our strategies will need to be quite focused and may need to vary depending on the particular adverse prognostic marker. At present, we may be able to overcome the poor prognostic effect of t(4;14), whereas overcoming other high-risk cytogenetic markers is proving to be quite challenging given the current repertoire of active MM drugs. Finally, we highlight that certain strategies (eg, thalidomide maintenance) that may be harmless and even of benefit in standard-risk patients may be ineffective or even harmful in patients with high-risk disease. Although our paper is focused on MM, we think that several of the principles apply to other similar malignancies as well. High-risk MM is a complex entity, and the eventual solutions are probably not simple or easy to come by. We urge that investigators work together, pool data and studies, and work with a singular focus on improving OS in this patient population. Table 4 for MM patients with t(4;14) (circles), del17p (triangles), unfavorable FISH (squares) treated with thalidomide (red) or bortezomib (green) based regimens. The x-value is the survival for the arm with the novel agent, and the y-value for the survival of the control arm. The regimens with data points above the dotted line are better than control, whereas those below are worse. In this analysis, regimens that improve survival have points that fall in the upper left, whereas those that worsen survival fall in the lower left. One sees clearly that all of the bortezomib arms (red) fall in the upper left, whether bortezomib is being used in induction or maintenance and whether it is being compared with placebo, vincristine-adriamycin, or thalidomide. In contrast, the thalidomide arms (green) almost all fall in the lower right, whether thalidomide is being used for induction or maintenance and whether it is being compared with placebo, melphalan, or bortezomib. Abbreviations are as in Figure 2. 49. Singhal S, Mehta J, Desikan R, et al. For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From
